INTRODUCTION
In temperate regions, some of the most widespread damage to agricultural and horticultural crops is due to slugs (South, 1992) . Slug problems are mainly resolved by chemical molluscicides. Chemical molluscicides have been shown to affect non-target organisms, e.g. carabid beetles and earthworms (Bieri et al., 1989) , and humid weather can decrease the effectiveness of molluscicides based on metaldehyde (Bailey & Wedgwood, 1991) . In addition, organic agriculture prohibits the use of chemi cal molluscicides. Thus, there is a need to search for alter native approaches to slug control in arable land.
For sustainable agricultural systems, regulation by predatory arthropods is considered to be crucial in pre venting pest outbreaks. Polyphagous predatory carabid beetles are abundant on arable land, and are potentially important natural pest-control agents (Kromp, 1999) . Several authors have found a negative correlation between the density of carabid beetles and aphids (Edwards et al., 1979; Sunderland et al., 1985; Chiverton, 1986; Basedow, 1990) . Burn (1988) found higher num bers of slugs in field plots from which predators were excluded. This experiment indicated that predators may be capable of reducing slug population density. Several carabid beetles have been observed to feed on slugs (Symondson, in press) , and some carabid beetles have considerable potential to decrease slug populations under controlled conditions (Symondson, 1993; Barker, 1991; Asteraki, 1993) .
Pterostichus melanarius Illiger and Poecilus cupreus L. are some of the most abundant, large carabid beetles in European arable land (Thiele, 1977) . Therefore they might be particularly effective control agents for slugs. P. melanarius was detected as a slug predator in the field, using immunological methods (Tod, 1973; Ayre & Port, 1996; Symondson et al., 1996) . P. melanarius seems to be a potentially important slug control agent as this bee tle's spatial distribution was found to be significantly associated with slug distribution in winter wheat (Bohan et al., 2000) . Moreover Symondson et al. (2002) observed a strong relationship between the crop weights of P. melanarius and slug densities over five years, indicating that slugs were a major part of the diet of the beetles. Much less information is available about predation by P. cupreus on slugs. A number of gut samples from P. cupreus gave positive reactions with anti-mollusc antiserum (Symondson, unpublished) , suggesting that slugs were consumed by P. cupreus. In Germany and Switzerland, oilseed rape (Brassica napus L.) is sown in September and considered the most vulnerable crop to slug attack (Högger, 1995; Mesch, 1996) . Deroceras reticulatum Müller is one of the most important slug pests occurring on Swiss arable land, and D. laeve Müller occa sionally reaches fairly high densities in oilseed rape fields (Frank, 1998; Speiser, 1999) .
The overall object of this study was to explore whether or not the presence of two common predacious carabids affects slug feeding on young oilseed rape in the labora tory. Specifically we examined whether: (1) D. reticulatum were kept in plastic boxes of 19 x 9 x 7.5 cm, filled with 3 cm depth of potting compost and fed on a diet of wheat flour. The slugs were kept in an environmental chamber with a temperature cycle of 15°C and 10°C at 12L : 12D. Slugs were classified into two groups weighing 17.3 ± 8.0 mg and 36.7 ±9.1 mg, respectively (mean ± SD; N = 20). Slugs of the lighter groups were raised in the laboratory from eggs, and the heavier slugs were collected in the garden of the Zoological Institute.
P. melanarius and P. cupreus were collected at the beginning of September 1999 over four days with pitfall traps (plastic cups, diameter 70 mm, depth 70 mm) that were emptied daily. The beetles were kept in plastic boxes measuring 17 x 12.5 x 6 cm, with a piece of moist cotton, under the same temperature and light conditions as the slugs. They were fed on a diet of cat food. The beetles were starved 48 hours prior to the experiment.
In September 1999, twenty oilseed rape seeds (B. napus; cv. "Express") were sown at 1 cm depth in 60 plastic boxes of 30 x 24.5 x8 cm, filled with 3 cm of potting compost. The upper half of the inner wall was brushed with Antischneck-Gel® (Neudorff GmbH, Emmerthal, Germany) to prevent the slugs from escap ing. Each box was exposed to one of the following six treat ments: 1) control, 2) 2 small and 2 large slugs (S), 3) 1 P. melanarius (PM), 4) 1 P. cupreus (PC), 5) S + PM, 6) S + PC. Treatments 3) and 4) with beetles alone were used because there is no information available as to whether or not these carabid beetles have any impact on oilseed rape development. There were ten replicates of each treatment. The boxes were randomly arranged. The slugs and the carabids were put simultaneously into the boxes immediately after the seeds were sown. Seven teen days after sowing, before all oilseed rape plants in the slug treatments were damaged, the number of living plants in each box was recorded. A living plant was defined as being defoli ated less than 75%. Since there was not sufficient space in the environmental chamber we carried out the experiment in the laboratory at room temperature with natural daylight, accepting higher experimental temperature conditions compared to those in the field when oilseed rape is sown. To record the number of slugs that survived in the treatments S, S + PM and S + PC, the beetles and plants were removed and the compost of each box was transferred to a plastic box of 17 x 12.5 x 6 cm with five holes of about 3 mm diameter in the bottom. The boxes were covered with plastic lids and transferred to troughs of 60 x 40 x 11 cm, where they were gradually flooded, allowing the extrac tion of slugs over six days (South, 1964) . The boxes were exam ined daily and all recovered slugs removed.
The data for the number of living plants and recorded slugs were adjusted to a one-way ANOVA followed by Tukey's HSD-test to compare differences between the treatments. Experiment 2a. Slug damage by Deroceras reticulatum to germinating oilseed rape in the presence of Pterostichus melanarius.
D. reticulatum used in this experiment originated from the Lonza laboratory (Visp, Switzerland). They were kept on moist blotting paper in plastic boxes (33.5 x 23 x 3 cm) and fed with flour and leaves of lettuce. The slugs were kept in an environ mental chamber with a temperature cycle of 15°C and 10°C at 12L : 12D. Slugs were classified into two groups weighing 16.3 ± 5.3 mg and 34.8 ± 6.2 mg, respectively (mean ± SD; N = 48 for small and N =16 for large slugs).
P. melanarius were collected at the beginning of September 2000 in a field near Bern by pitfall trapping (plastic cups, diameter 70 mm, depth 70 mm) over several days. They were kept in the laboratory in plastic boxes (34 x 23 x 9 cm) with a piece of moist cotton wool and fed with a diet of cat food under the same environmental conditions as described above. The bee tles were starved 48 hours prior to the experiment.
In September 2000, twenty oilseed rape seeds (Brassica napus; cv. "Express") were sown at 1 cm depth in 5 rows in 32 plastic boxes of 30 x 24.5 x 8 cm, filled with 3 cm of potting compost. The upper half of the inner wall of each box was brushed with Antischneck-Gel® (Neudorff GmbH, Emmerthal, Germany) to prevent the slugs from escaping. Additionally, the top of each box was surrounded by a 3 cm wide barrier of alu minium foil to prevent the carabids from escaping. Each box had a piece of plastic pot for the slugs to hide. Each box was exposed to one of the following four treatments: 1) control, 2) 3 small and 1 large slug (DR), 3) 1 beetle (PM) and 4) DR + PM. There were eight replicates for each treatment. The weight of four slugs per box was 83.7 ±1.8 mg (mean ± SD). The slugs and the carabids were put simultaneously into the boxes imme diately after the seeds were sown. The boxes were randomly arranged and the experiment was carried out in the laboratory at room temperature with natural daylight. After the oilseed rape seedlings emerged the number of living plants was recorded every second day until day 17 after sowing, before all oilseed rape plants in the slug treatments were damaged.
To obtain a comprehensive overview over the time course of number of living oilseed rape plants, the area under the damage progress curve (AUDPC; Campbell & Madden, 1990; Speiser, 1997) was analysed, using the formula AUDPC = Z1 n-1((y1 + y1+1)/2) (t+1 -f) where yi is the number of living oilseed rape plants at the i-th measurement, t is the time at the i-th measurement (in days) and n is the number of measurements (six). To test for differences among the four treatments the AUDPC data were compared with one-way ANOVA followed by Tukey's HSD-test. As data were normally distributed untransformed values were used for statistical analysis.
Experiment 2b. Slug damage by Deroceras laeve to germi nating oilseed rape in the presence of Pterostichus melanarius.
D. laeve used in this experiment were collected at the end of August 2001 in a wildflower area near Bern. They were kept in the laboratory as the slugs of experiment 2a. Slugs were classi fied into two groups weighing 25.1 ± 8.0 mg and 7.0 ±2.1 mg, respectively (mean ± SD; N = 48 for large and N = 16 for small slugs).
P. melanarius were from the same field as in experiment 2a. They were kept and starved prior to the experiment as in experi ment 2a.
In September 2001, 32 plastic boxes of 30 x 24.5 x 8cm were prepared in the same way as described in experiment 2a. Each box was exposed to one of the following four treatments: 1) control, 2) 3 large and 1 small slug (DL), 3) 1 beetle (PM) and 4) DL + PM. There were eight replicates for each treatment. The weight of four slugs per box was 82.2 ±1.4 mg (mean ± SD) and adapted to the weight of D. reticulatum used in experiment 2a. The experiment was performed and statistically analysed analogous to experiment 2a. Additionally, the number of slugs that survived in the treatments DL and DL + PM was recorded as described in experiment 1.
For the comparison of the numbers of survived slugs a Mann Whitney IT-test was calculated, because these data were not nor mally distributed. RESULTS Experiment 1 showed that in the treatment with slugs only, the number of living oilseed rape plants was signifi cantly lower than in all other treatments except for slugs with P. cupreus (Fig. 1) . Whereas P. cupreus did not affect the number of slugs recorded, P. melanarius reduced slug numbers significantly when compared to the treatment slugs only (P < 0.05; Tukey's HSD-test; N = 30).
We carried out experiment 2a to verify the general effects found for P. melanarius in experiment 1. The number of living oilseed rape plants in the treatment slugs only declined clearly from day 7 to day 17 after sowing, and was significantly lower than in the other treatments (Fig. 2) . As in experiment 1, the presence of P. mela narius together with D. reticulatum significantly increased plant number compared to the treatment slugs only. However, the control contained significantly more plants than the treatment P. melanarius plus D. reticulatum.
In the treatments in experiment 2b where D. laeve was present there was a dramatic decrease of oilseed rape before the plants emerged, indicating that seeds and young seedlings below ground were most vulnerable to slug attack. The number of plants in all treatments remained almost equal from day 7 to day 17 (Fig. 3) . As in experiment 2a, the control and the treatment with P. melanarius alone contained significantly more oilseed rape plants than the treatment where only slugs were pre sent. The presence of P. melanarius together with D. laeve did not affect plant number when compared to the treatment slugs only. At the end of experiment 2b, signifi cantly more slugs survived in the treatment slugs only compared to the treatment P. melanarius plus D. laeve (P = 0.003; Mann-Whitney U-test; N = 16).
DISCUSSION
Experiment 1 indicated that slug predation by P. melanarius took place. This is important regarding the debate on whether carabids are effective predators or mainly scavenge dead slugs (Symondson & Liddell, 1993; Symondson et al., 1996) . Slugs mainly defend themselves against predacious beetles by the production of a sticky mucus (Pakarinen, 1994) , which makes slugs a difficult prey item (Rollo & Wellington, 1979; Denny, 1989) . It has been suggested that large carabids overcome this defence more easily than smaller ones (Mc Kemey et al., 2001 ). This was confirmed by our results, which showed that the larger P. melanarius (about 15 mm body size) effectively reduced damage to oilseed rape by the slug D. reticulatum. The smaller P. cupreus (about 11 mm body size), in contrast, hardly affected slug damage. Previously, P. melanarius was observed to kill more D. reticulatum compared to P. cupreus (Oberholzer & Frank, 2003) . The larger mandibles of P. melanarius may enable that beetle to attack slugs more successfully when compared with P. cupreus, because larger mandibles most likely agglutinate less with slug mucus than smaller ones. P. melanarius was shown to ingest more prey items than P. cupreus in the laboratory (Scherney, 1959) and thus might consume more slugs and protect oilseed rape more efficiently from slug feeding.
Experiment 2a substantiated the potential of P. melanarius to protect oilseed rape from damage by D. reticulatum. However, experiment 2b revealed that P. melanarius was not able to protect oilseed rape from damage by D. laeve. D. reticulatum had no impact on the number of germinating oilseed rape seedlings below ground, proving that this slug reduced oilseed rape exclu sively by epigeic feeding. In oilseed rape fields where D. reticulatum belongs to the most abundant slug pests damage to oilseed rape was also primarily caused by epi geic feeding (Friedli & Frank, 1998) . When slugs are on the surface they will often encounter P. melanarius and easily be overwhelmed by the beetle. In contrast, damage to oilseed rape by D. laeve seemed to have been almost exclusively caused by endogeic feeding, because in the treatments where D. laeve was present there was a dra matic decrease of oilseed rape before the plants emerged. This agrees with a previous laboratory study where D. laeve exclusively fed on oilseed rape below ground (Frank, 1998) . Thus it appears that P. melanarius did not encounter D. laeve and hence was not able to kill it. But nevertheless, at the end of experiment 2b, significantly less D. laeve survived in the presence of P. melanarius compared to the treatment without the beetle, proving that P. melanarius significantly reduced slug numbers. How ever, slug predation by P. melanarius occurred only when the oilseed rape plants were already destroyed by D. laeve. This suggests that the beetle only encountered D. laeve when it began to leave the soil to feed on oilseed rape above ground, when young oilseed rape had attained a developmental stage at which it was no more at risk of D. laeve. P. melanarius is in its peak period of activity-density when oilseed rape is being sown (from the end of August until mid-September), which makes this beetle an ideal candidate to protect young oilseed rape from slug pests. Activity-density of P. cupreus is already declining at that time (Frank, unpublished) . A combined occurrence of both beetles may contribute to prevent outbreaks of the pest slug D. reticulatum by consuming its eggs and freshly hatched individuals, as was previously observed (Oberholzer & Frank, 2003) . However, the beetles appear to be insufficient in affecting population density of the soil dwelling D. laeve. However, it might be that the predatory larvae of P. melanarius, which spend most of the time in the soil (Traugott, 1998) , may have an impact on the population size of D. laeve.
Slugs were shown to be an important prey for P. mela narius in the field (Symondson et al., 2002) , which is a prerequisite for a high potential of that beetle to reduce slug populations. Although P. melanarius is a generalist predator, a reduction in slug population growth rate was observed in field areas with high densities of P. mela narius (Bohan et al., 2000) , which further shows that slugs were a single important prey type for P. melanarius. The fact that one type of prey plays a significant role for a generalist predator may be common in agroecosystems, where food diversity for carabid predators appears to be scarce (Van Dijk, 1996) . Generalist predators may have an advantage over specialists in agricultural landscapes, because they are able to retain moderate population sizes when the target prey densities are low by feeding on alter native prey (Murdoch et al., 1985) .
High beetle densities are necessary for an effective reduction of slug populations. Carabid abundance can be increased by the renunciation of insecticide application (Gese, 1974; Basedow et al., 1976) , which is fulfilled by organic agriculture where particularly high carabid densi ties can be observed (Kromp, 1989; Pfiffner & Niggli, 1996) . Furthermore carabid density can be enhanced by reducing herbicide application thus increasing the growth of weeds, by intercropping herbs between crop rows (see references in Kromp, 1999) , or by establishing ecological compensation areas adjoining arable crops (Lys & Nentwig, 1992 , 1994 Frank, 1997) .
